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WATER TREATMENT PROCESS 

This invention relates to methods of removing 
*• relatively small amounts of substantially immiscible contaminants 

from water. In particular it is concerned with removing 
* relatively small amounts of substantially immiscible contaminants 

from water in which the contaminant is either dissolved, or 

suspended as a more or less stable emulsion in which the 

contaminant is the disperse phase. 

Although many organic compounds, especially liquids, 
are generally regarded as being insoluble in water. In fact this 
is only true in a macroscopic sense: many apparently insoluble 
or immiscible liquid organic coii?>ounds have a solubility in water 
of up to 1/000 ppm, and sometimes more. Further, many of these 
seemingly immiscible liquid compounds can be dispersed, at 
levels up to at least 100,000 ppm, that is 10%, in water as an 
emulsion having some stability and in which the immiscible liquid 
is the disperse phase. Typical examples are hydrocarbons. Oil 
and water appear to form two separate immiscible phases, and yet 
the solubility of hydrocarbons in water increases as the 
molecular weight decreases . It is also relatively easy to create 
unintentionally crude oil-water emulsions with significant 
stability: such emulsions are a major problem in cleaning ships 
tanks. It is also well known that removing such small amounts 
of a liquid contaminant from water is difficult, especially if 
the level of contaminant in the water after treatment is to be 
below 1.0 ppm. 

In Canadian Application 2,085,951 is disclosed a new 
class of particulate liquid sorbents which are described therein 
as being particularly useful in cleaning up a wide range of 
spilled liquids. These liquid sorbents are primarily a 
particulate polyurethane product. One of the main advantages of 
these liquid sorbents is that separation of the absorbed liquid 
from them is relatively straight forward, requiring only a 
centrifugation step. A further advantage is that once the sorbed 
liquid has been removed in the centrifuge the particulate liquid 
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sorbent can be re-used. As described, the particulate liquid 
sorbent is used by spreading it onto the spilt liquid, a prime 
example being an oil slick on water. There is no suggestion in 
Canada 2,085,951 that these liquid sorbents will function at all 
when blended into a liquid system. 

This invention seeks to extend the range of usefulness 
of these liquid sorbents by using them to remove from water small 
amounts of essentially immiscible contaminants that are present 
in the water in relatively small amounts either in solution, or 
as the disperse phase of an emulsion. 

Thus in its broadest aspect this invention seeks to 
provide a process for recovering small amounts of liquid 
contaminants from water, which are present therein either as 
solute or as the disperse phase of an emulsion, which process 
comprises : 

(a) contacting the contaminated water with an effective 
amount of particulate polyurethane liquid sorbent; 

(b) maintaining the liquid sorbent in contact with the 
contaminated water for a time period sufficient to allow the 
liquid sorbent to sorb a significant amount of the liquid 
contaminant; 

(c) separating the liquid sorbent containing liquid 
contaminant from the water by a filtration step; and if desired 

(d) separating the liquid contaminant from the liquid 

sorbent . 

As is disclosed in Canada 2,085,951, the particulate 
solid liquid sorbent is readily separable from the absorbed 
liquid, and reusable. The solid sorbent comprises a particulate 
polyurethane liquid sorbent prepared by a process comprising : 

(i) reacting together "at a temperature of from 180® to 
200®, for a time of less than 10 minutes, a 
prepolymer of the formula A: 
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R3 R2 



in the presence of a lower alkyl ester of the general formula C: 

R1COOR4 C 

in which: n represents 1,2, or 3; 

Ri represents a lower alkyl group having 1 to 6 
carbon atoms; 

R2 represents hydrogen or a lower alkyl group 

having 1 to 4 carbon atoms; and 

R3 and R4 represent a lower alkyl group having 

1 to 3 carbon atoms, 

and when R2 is other than hydrogen, it is in the meta or para 

I 

position relative to the -NH- linkage; 

and wherein the weight ratio of prepolymer of formula A to 
prepolymer of formula B is about 3:1, and the reaction mixture 
contains from 22% to 25% by weight of ester solvent; 

(ii) cooling the thus formed polymer; 

(iii) adding thereto an alcoholic medium chosen from 
the group consisting of: 

(a) ethanol; or 

(b) a mixture of ethanol, methanol, and water 
containing 85% by weight ethanol, up to 15% by weight methanol, 
remainder to 100% water, or 
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(c) ethanol containing from 4% to 6% by weight 

isopropanol; 

(iv) adding thereto with mixing hexamethylene 

tetramine, 

(v) allowing the spontaneous reaction to proceed 
thereafter during which a temperature in the range of 55** to 65^ 
is developed, and during which at least some of both the lower 
alkyl ester solvent, the alcoholic medium, and any water present, 
evaporate and 

(vi) recovering the particulate polyurethane product. 



Preferably, microspheres comprising an aluminosilcate 
shell containing gas having a diameter of from 10 um to 100 urn 
are added to the reaction mixture between steps (iii) and (iv) • 

Preferably, (i) the prepolymer has the formula Aj: 




Bi 



CH3 CH3 CH3 



and (iii) the lower alkyl ester solvent is ethyl 
acetate, and the alcoholic medium is ethanol. 
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These particulate liquid sorbents are more particularly 
described in Canadian Application 2^085/951. Hereafter^ they will 
be referred to as RPA. 

The process of this invention is straightforward. 
First, the contaminated water is contacted with an adequate 
amount of RPA. As the amount of contaminant in the water is low 
not very much RPA is required. It is relatively simple to 
ascertain how much will be adequate by way of some small scale 
tests. Alternatively, a constant amount of RPA cab be used, even 
though in- many cases this will be too much. For water systems 
containing up to at least 500 ppm of hydrocarbons, as both 
emulsion and solute, a ratio of 1.765 kg of RPA to 100 litres of 
contaminated water has been found to be satisfactory. 

After contacting the contaminated water with RPA, it 
is necessary to allow an adequate contact time, so that the RPA 
can sorb the liquid contaminant. A time period of a few minutes 
has been found sufficient. 

The RPA containing the liquid contaminant is then 
removed by a simple separation step, which itself also provides 
a part of the required contact time. A gravity filtration step, 
using a suitable paper or fabric filter operating at a flow rate 
of about 2 litres/min has been found to be satisfactory. When 
water containing significant amounts of contaminant is being 
treated rather than filtering all of the water, the liquid 
sorbent loaded with sorbed contaminant can removed from the water 
by a porous net or other suitable means. 

In an alternative arrangement, a mixing step as such 
can be avoided, by using a filter unit which comprises a 
plurality of layers of RPA in sequence. A convenient arrangement 
is to use a substantially conical filter, containing a plurality 
of separated layers of RPA. As the contaminated water flows 
slowly through the separate layers adequate contact time is 
readily achieved. With this arrangement, for example when using 
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1.675 kg RPA per 100 litres of contaminated water, three layers 
containing about 775 q, 500 q, and 4 00 g in sequence in a conical 
filter have been found to be effective. Each layer of RPA 
preferably is kept in its place by fabric layers both above and 
below it . 

Although described above as essentially a batch 
process, this invention is not so limited/ and can readily be 
operated continuously. Furthermore, it is also contemplated that 
it might be required to treat a given sample of contaminated 
water more than once to attain a desired residual level of 
contaminant. 

In the following Table is shown the results of a 
sequence of ten test runs in which the amount of hydrocarbon was 
steadily reduced. At hydrocarbon levels above about 100 ppm at 
least some emulsion is present; at hydrocarbon levels below about 
100 ppm substantially all of the hydrocarbon is dissolved. 



Hydrocarbon Content. 


Before Test,% or ppm. 


After Test, ppm. 


10% (a) 


170 


5%(c) 


135 


2%(c) 


75 


420(a) 


11.0 


315(a) 


16.0 


200 (a) 


7.1 


130(a) 


7.8 


60(b) 


1.2 


55 (a) 


1.8 


38(a) 


2.6 


29(b) 


0.8 


6.7(b) 


2.4 


1.4(b) 


0.6 
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Notes: Hydrocarbon used : (a) diesel fuel 

(b) gasoline 

(c) crude oil 

In each of these tests, the amount of RPA was 
1.675 kg/100 litres of contaminated water, and the filter 
flow rate was 2 litres/min. The very high oil content 
figures were assessed as these represent typical values 
obtained when cleaning ships oil tanks which have been 

ballasted with water. 

\/ 

As is explained in more detail in Canada 
2,085,951, the liquid sorbent can be freed of sorbed liquid 
by a simple centrifugation step. It is preferred that the 
RPA be centrifuged to free it of sorbed contaminant liquid 
before being reused. It appears that the process is 
equally effective with either fresh RPA, reused RPA, or a 
mix of fresh and used RPA. 
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CLAIMS: 

1. A process for recovering small amounts of liquid 

contaminants from water, which are present therein either 
as solute or as the disperse phase of an emulsion, which 
process comprises: 

(a) contacting the contaminated water with an 
effective amount of particulate polyurethane liquid 
sorbent; 

(b) maintaining the liquid sorbent in contact 
with the contaminated water for a time period sufficient to 
allow the liquid sorbent to sorb a significant amount of 
the liquid contaminant; and 

(c) separating the liquid sorbent containing 
liquid contaminant from the water by a filtration step; 
wherein the solid sorbent comprises a particulate 
polyurethane liquid sorbent prepared by a process 
comprising : 

(i) reacting together at a temperature of from 
180° to 200°, for a time of less than 10 minutes, a 
prepolymer of the formula A: 

.(CH,) „ OCONH (^H^ 



^2 



R, C (CHj) s OCONH [^H^ 



' (CH,) OCONH (^H]^ 

with a prepolymer of the general formula B: 

NHCOO (CHj)!; — CH OCONH -J^^NCO 

R3 

in the presence of a lower alkyl ester of the general 
formula C: 

R1COOR4 C 




B 
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in which: n represents 1,2, or 3; 

Rj represents a lower alkyl group having 1 to 6 
carbon atoms; 

Rj represents hydrogen or a lower alkyl group 

having 1 to 4 carbon atoms; 

and 

R3 and R4 represent a lower alkyl group having 

1 to 3 carbon atoms, 
and when R2 is other than hydrogen, it is in the met a or 
para position relative to the -NH- linkage; 
and wherein the weight ratio of prepoiymer of formula A to 
prepolymer of formula B is about 3:1, and the reaction 
mixture contains from 22% to 25% by weight of ester 
solvent; 

(ii) cooling the thus formed polymer; 

(iii) adding thereto an alcoholic medium chosen 
from the group consisting of: 

(a) ethanol; or 

(b) a mixture of ethanol, methanol, and 
water containing 85% by weight ethanol, up to 15% by weight 
methanol, remainder to 100% water, or 

' (c) ethanol containing from 4% to 6% by 

weight isopropanol; 

(iv) adding thereto with mixing hexamethylene 

tetramine, 

(v) allowing the spontaneous reaction to proceed 
thereafter during which a temperature in the range of 55^ to 
65° is developed, and during which at least some of both the 
lower alkyl ester solvent, the alcoholic medium, and any 
water present, evaporate and 

(vi) recovering the particulate polyurethane 

product . 

2. A process according to Claim 1 further including: 

(d) separating the liquid contaminant from the 
liquid sorbent. 
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3. A process according to claim 1 wherein 
microspheres comprising an aluminosilcate shell containing 
.gas having a diameter of from 10 urn to 100 um are added to 
the reaction mixture between steps (iii) and (iv) . 

4. A process according to Claim 1 wherein 
(i) the prepolymer has the formula Ai: 




(ii) the prepolymer B has the formula Bi, 




CHa CH3 CH3 



and (iii) the lower alkyl ester solvent is ethyl 
acetate^ and the alcoholic medium is ethanol. 

5. A process according to claim 1 wherein the 
contaminant is a liquid hydrocarbon - 

6. A process according to claim 5 wherein the 
contaminant is a substantially dissolved liquid 
hydrocarbon. 

7 . A process according to claim 5 wherein the 
contaminant is a substantially emulsified liquid 
hydrocarbon. 

8. A process according to Claim 1 wherein the 
contaminated water is contacted with the particulate liquid 
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sorbent by passing the water at a low flow rate through a 
plurality of beds of particulate sorbent in sequence. 

9. A process according to Claim 1 wherein the water 
contains up to 1,000 ppm of dissolved contaminating liquid. 

10. A process according to Claim 1 wherein the water 
contains up to 100,000 ppm of emulsified contaminating 
liquid. 

11. A process according to Claim 1 wherein the 
contaminating liquid is hydrocarbon. 

12. A process according to Claim 11 wherein the 
hydrocarbon is chosen from crude oil, oil, gasoline and 
diesel fuel. 
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